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- STILL MAKING 
THE GRADE.. 


| \ESPITE twice as many passengers now 
riding buses as “before Pearl Harbor,” 
only 4,000 new vehicles were released to the 
common carriers last year. This means con- 
tinuous service from present equipment of 
every vintage is a must. 
In keeping heavily-overloaded buses on 


’ 


“round-the-clock schedules” the right kind 
of lubrication makes a whale of a difference. 
Fleet operators everywhere are finding that 
even the “old-timers” stay on the job when 
lubricated with Texaco. 

Texaco Universal Gear Lubricants, for 


example, assure quieter-running, longer- 
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lasting transmissions and differentials, pro- 
tecting bearings and gear teeth in today’s 
extremely heavy-duty service. Whether op- 
erating in desert heat or extreme Arctic cold, 
these great oils assure effective lubrication. 
Because Texaco brings such big benefits— 
More buses, more bus lines and 
more bus-miles are lubricated with 
Texaco than with any other brand. 
Texaco Lubrication Engineering Service 
is available to you through more than 2300 
Texaco distributing points in the 48 States. 
The Texas Company, 135 East 42nd Street, 
New York 17, N. Y. 
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The Action of Extreme 


To ALL WHOM It May CONCERN: 


Be it know that I, E. E. Hendrick of the city of 
Carbondale, county of Luzerne, in the State of 
Pennsylvania, have invented a new and improved 
Compound, to be Used in the Manufacture of Lub- 
ricating Oils and Greases, which I shall denominate 
Plumboleum’; and I do hereby declare the follow- 
ing to be a full and clear description of the mode 
of compounding the same.” 

Such is the opening paragraph of Letters Patent 
No. 90,100, dated May 18, 1869. Mr. Hendrick had 
an idea. 

“From a series of experiments, of some years’ 
duration, by close observation, I deduce the fact, that 
what in common parlance is called body in lubricat- 
ing oil, is only another name for specific gravity, for 
to produce mineral-oil of low specific | gr avity* * is to 
produce oil of good body and vice versa. 

“Therefore, in order to depress the specific grav- 
ity of mineral or other oils that are of too light 
specific gravity for lubricating-purposes inexpen- 
sively, I combine, with such an oil, the oxide of 
lead, the specific gravity of which is twelve time: 
heavier than oil, and hence a much less quantity ts 
required to accomplish the object sought. Prac- 
tically, this combination gives the best results I havc 
ever witnessed, fully equal to lard or sperm-oil, and 
at a cost of one-fifth the former, and one-tenth of 
the latter.” 

Mr. Hendrick was talking of the lubrication of 
bearings in general. ““Plumboleum,” the material 
which he compounded with lubricating oil, was 


Obviously Mr. Hendrick meant high specific gravity or low Baumé 
gravity, 


Pressure Lubricants 


made by heating lead oxide with an animal or vege 
table oil in a suitable kettle. 


Yes, Mr. Hendrick had an idea. The product of 
Mr. Hendrick’s experiments was the forerunner of 
a class of lubricants fully developed some sixty years 
later to become known as one of the outstanding 
achievements of the petroleum industry. The 

“’Plumboleum”’ or lead soap made by Mr. Hendrick 
from lead oxide and animal or vegetable oils has 
since been improved and is now an important in- 
gredient in certain gear oils having E. P. (Extreme 
Pressure) properties. Perhaps, Mr. Hendrick never 
learned that the specific gravity of a lubricant has 
nothing to do with its lubricating ability and that 
‘‘Plumboleum’’ was effective for reasons far differ- 
ent from what he imagined. 


THE TERM “FILM-STRENGTH” 

It must have been in the late twenties that a 
new term “‘Film-Strength” was coined to describe 
a characteristic of lubricants containing some forms 
of sulphur or phosphorus. Demonstrations showing 
the advantages of oils having high “‘film-strength” 
were dramatic, indeed. Here was a straight mineral 
oil which when tested in a special test machine 
allowed seizure of a steel bearing on a steel shaft 
under a relatively low load. For comparison, this 
same oil containing a small percentage of a mysteri- 
ous “‘dope’’ permitted the test machine to operate 
without seizure at loads ten or more times greater 
than that possible without the “dope.” This latter 
oil had high “‘film-strength.” 


It wasn’t long before ‘‘film-strength’” and Mr 
Hendrick’s “Plumboleum” were put to real use. 
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Fig. 1—With thick-film lubrication the moving parts are completely separated by an oil film. The roughness tt 


surfaces are greatly exaggerated for purposes of illustration. 


In 1925 the Gleason Works developed the hypoid 
gear for automobile rear axle drives. The Packard 
Motor Car Company adopted these gears for pro- 
duction in 1926, and by 1937 practically the entire 
production of automobiles in this country and also 
a good percentage of the trucks had gone to hypoid 
rear axles. These axles required oils having high 
“film-strength” or extreme-pressure properties. 

Mr. Hendrick’s idea now had more than a casual 
place in the scheme of lubrication. Many of the 200 
brands of hypoid lubricants which were universally 
available in the spring of 1937 contained among 
other important ingredients some form of ‘‘Plum- 
boleum”’ or as it is now called, “lead soap.” 

The development of Extreme-Pressure lubricants 
was done without the benefit of a complete under- 
standing of the exact mechanism of their action. 
Since this development, however, notable progress 
has been made in fundamental studies of what 
occurs on the surfaces of two metals sliding over 
each other under conditions which do not permit 
the complete separation of the surfaces with a film 
of oil. 

It is the purpose of this article to explain briefly 
some of the current theories regarding seizure of 
metals and the action of certain type oil additives 
in preventing seizure, in particular the action of 
Extreme-Pressure lubricants when used for lubri- 
cating a steel surface sliding over another steel 
surface. 


1 Numbers refer to references at end of this article. 


THICK-FILM LUBRICATION 


When one surface slides over another in the 
presence of a lubricant, two different types of lub- 
rication can exist: 


1. Thick-film or hydrodynamic lubrication, 
2. Boundary lubrication. 


In thick-film lubrication the parts are completely 
separated by a film of oil. Since 1883, when Beau- 
champ Tower discovered that pressure was created 
in the oil film in a bearing, research workers have so 
completely explored this type of lubrication, that 
today, not only can a designer design machine parts 
so that sliding members are separated by a film of 
oil, but he can also tell you how thick the oil film 
will be, how hot the oil will become in passing 
through the bearing and most important of all, 
under what conditions the oil film will become so 
thin that the high spots of the sliding member begin 
to touch the high spots of the stationary member 
and thus pass from thick-film lubrication to partial. 
boundary or boundary lubrication. 

Figure 1 represents two surfaces, one a stationary 
surface and the other a sliding surface. The jagged 
peaks are the ridges left by grinding, lapping or 
other operations. These ridges actually exist and can 
be seen with the aid of a microscope. They can even 
be measured with instruments developed in the 
last fifteen years. So long as the load on the surfaces 
does not exceed a particular value set by the de 
signer, or so long as the spzed is maintained above 
a certain minimum value and the oil viscosity is not 
too low for the design, the parts will be separated 
by an oil film, and the only thing that will happen 
when one surface slides over the other is that the 
oil film will be sheared continuously. Under these 
conditions, the only important characteristic of an 
oil is its viscosity. The addition of phosphorus, 
chlorine or sulfur compounds to the oil can serve 
no useful purpose under these conditions; viscosity 
is the controlling factor and these compounds do not 
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Fig. 2—With partial boundary lubrication, the oil film 1s so thin that some of the high spots of the sliding member 


high spots 


affect viscosity in the amounts in which they are 
normally added. The term “film-strength” as ap- 
plied to ‘thick-film lubrication, therefore, has no 
significance. The oil film cannot be considered in 
terms of some material having resistance to punc- 
ture or which has tensile strength. It is a fluid mate- 
rial which supports the load entirely by hydraulic 
action, and the oil characteristic which controls this 
action is viscosity. 

If the oil viscosity is increased, the oil film be- 
comes thicker and more work is required to slide 
the moving member. In other words, the friction is 
increased. However, if the oil viscosity is decreased 
the film becomes thinner and although the work to 
slide the moving member is less, the high spots 
approach nearer to each other and the transition 
from thick-film to partial-boundary lubrication is 
approached, Similarly, if the load is increased or the 








of the stationary member 


speed is decreased, the two surfaces approach each 
other and again the action approaches partial- 
boundary lubrication. 


BOUNDARY LUBRICATION 

When conditions of load, speed and oil viscosity 
are such that the oil film is too thin to completely 
separate the sliding member from the stationary 
member and the high spots begin to touch each 
other as illustrated in Figure 2, thick-film lubrica- 
tion no longer exists and the condition is termed 
partial-boundary lubrication. As the load is in- 
creased or the speed is decreased, more and more 
of the high spots come in contact and the force 
required to drag the sliding member over the sta- 
tionary member increases. Eventually a stage is 
reached where speed and viscosity do not play a 
major role, and a transition is made from partial- 





Fig. 3—In A the two surfaces are very close together and the polar molecules are adsorbed on each surface in a single 

layer by the highly active ends C. In B the surtaces are further apart, and while molecules are oriented on the surface, 

those in the center have no surface to which to attach themselves so they float around at random. (Figure from Pye, 
The Internal Combustion Engine.) 
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Fig. 4—The Almen E. P. Lubricant Testing M achine showing the test specimen boat with test pin and one-half of 


the rest bushing installed. The one-quarter inch diameter steel rod ——— at 600 r.p.m. Th 
ishings are ground to have a clearance of 0.006 inch on the steel rod. 





Load is applied by the 


to a container on the loading bar 


boundary to boundary lubrication. What actually 
happens in the very thin film of oil clinging to the 
high spots and also what happens to the contacting 
surfaces involves both chemical and physical pheno- 
mena. Many brilliant experiments have been con- 
ducted to increase our understanding of this type 
lubrication, and from these experiments it is pos- 
sible to piece together a partial explanation of the 
behavior of the surfaces which come in contact and 
also the behavior of molecules which are there at- 
tempting to prevent destruction of the surfaces. 

It has long been know that certain materials 
termed oiliness agents are effective in reducing 
friction under partial-boundary lubrication condi- 
tions. These materials are high molecular weight 
organic compounds containing carbon, hydrogen 
and oxygen as compared to lubricating oils which 
contain only carbon and hydrogen. The castor oil 
nolecule which has the property of oiliness, differs 
from the lubricating oil molecule in one other im- 
portant respect, namely, that one end is highly 
reactive and has the property of forming a — 
bond with the metal surface. It is called a polar 
molecule. It is ‘‘adsorbed” to the surface so power- 


fully that the last traces in some cases can be 
removed by nothing short of grinding. The lub 
ricating molecule has no such effect. Pye? describes 
these polar molecules when they are attached to a 
surface as long molecules sticking out like the flex 
ible bristles of a brush and he illustrated them with 
the diagrams of Figure 3. Here the two neighboring 
surfaces each carry a single molecular layer of polar 
molecules in which the small circles at C represent 
the strongly adsorbed ends of the polar molecules 
and D the inactive hydrocarbon chains. 

As Pye says, references to active ends of molecules 
are not unjustifiable flights of fancy. Physical meas- 
urements have shown that volar molecules act as 
described. We even know the length of such mole- 
cules. For example, the length of the oleic acid 
molecule, a molecule which exhibits oiliness prop- 
erties, is one ten millionth of an inch. 

TEMPERATURES OF CONTACTING 
HIGH SPOTS 

Before we consider what actually happens at the 
surfaces of the high spots when they begin to con- 
tact each other, it might be well to briefly review 
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the brilliant experiment of Bowden and Ridler.* 
These two scientists measured surface temperatures 
of contacting high spots by using the rubbing con 
tact of two different metals as a thermocouple. When 
sliding constantan over mild stecl, the electromo- 
tive force generated indicated that the average 
temperature of the high spots in contact was over 
1800° F. When using lead on mild steel the tem- 
perature rise was 591 F., which corresponded to 
the melting point of lead. Since the electrical con- 
tact was made at the point of friction, information 
was obtained about the temperature of the high 
spots which were rubbing each other. These tem- 
peratures were high enough so that in the case of 
lead, actual melting occurred. With constantan on 
steel, the temperature was high enough to weld 
steel to steel. 

Bowden and Ridler also 
learned that the temperature 
of the high spots increased 
with speed and load to reach 
a maximum which corre- 
sponded to the melting point 
of the material under test. 
For example, the maximum 
temperature obtainable with 
lead was 591° F., the melting 
point of lead. With harder 
materials, materials of higher 
melting point, the maximum 
temperature was higher. This 
is readily understandable if 
one considers that the higher 
the tensile strength of the 
material, the greater is the 
energy expended in deform- 
ing one high spot with an- 
other and since this energy 
is dissipated in the form of 
heat, the greater will be the 

mperature of the high spots. 


WELDING OF 
SPOTS 


Now we are ready to con- 
der what happens at the sur- 
‘aces of contacting high spots. 
In the case of steel on steel, 
he lubricant present, even 
‘he adsorbed polar molecules, 
innot prevent high spots 
‘rom deforming and break- 
ig off to form fresh surfaces 
t clean metal. When two 
reshly formed surfaces come 
1 contact, the temperature —[i8. SAF FP 
it these surfaces, as demon- 
strated by Bowden and Rid- 
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ratio of 14.6 to 1 








ATION 


ler, reach very high values, welding takes place, and 
rupture of the metal to form more fresh surfaces 
occurs. If conditions are right, more and more metal 
is torn off and eventually scuffing occurs. By this 
time most of the prominent high spots have been 
removed and instead of welding of the small peaks 
of a few high spots, larger areas weld, thus leading 
to seizure, 

The entire situation is aggravated as the speed 
and load is increased. Bowden and Ridler dem- 
onstrated that with the higher loads the maximum 
temperature is reached at a lower speed and con- 
versely, at a high speed, the load required to reach 
maximum high spot temperature is lower than at 
slow speeds. 

This phenomenon explains why the lubricants 


Lubricant Testing Machine. The test specimens consist of two special 
The upper cup is rotated at 1000 r.p.m. in a counterclockwise direction, 
and the lower cup is rotated also in a counterclockwise direction at a speed to give a rubbing 
An automatic loading device loads the test specimens at a rate of 77 to 79 


pounds per second, 
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highly reactive ends of the 
molecules seize the fresh sur 
faces and cling there tena 
ciously, Whether they are suc- 
cessful in preventing welding 
depends on whether they can 
resist being rubbed off. It 
the loads are very high, as 
in hypoid gears, they ar 
rubbed off and thus lose thei: 
effectiveness. Under such con- 
ditions it is necessary to us: 
other materials to prevent 
welding. 

Certain phosphorous com- 
pounds are effective in reduc- 
ing welding. Hund and co- 
workers' have advanced an 
interesting theory on the ac- 
tion of lubricants containing 
tricresyl phosphate. Their ex- 
perimental data indicate that 
tricresyl phosphate acts as a 
wear reducing agent by cor- 
rosive action. The high spots 
which are hot react very rap- 
idly with the wear reducing 
agent to form a metal phos- 
phide. The metal phosphid 
alloys with the metal surface 











Fig Timken E. P. Tester. A special Timken test cup is rotated 
steel block. The load is applied by a system 
rotating ¢ 


that are satisfactory for spiral bevel gears may not 
have sufhcient E. P. characteristics for hypoids. The 
speed at which the teeth of hypoid gears slide over 
each other is higher and consequently, for the same 
load, the contacting high spots of hypoid gears are 
more likely to reach welding temperatures. 


PREVENTION OF WELDING 


The chief function of a lubricant under partial- 
boundary or boundary conditions is to contam‘nate 
the surfaces and thus prevent welding. Oiliness 
agents do this effectively up to a certain point. The 


of levers which torce 


and lowers its melting point 
very considerably, thus per- 
mitting the metal to flow into 
valleys resulting in a polished 
surface. The chemical action 
is temperature sensitive so 
that when there are no high 
pressures and temperatures, 
there is no chemical action. 


Sulfur compounds are even 
more effective in preventing 
we.ding steel on steel than 
tricresyl phosphate and for 
this reason they are used in 
Extreme Pressure hypoid lu- 
bricants. 

Simard and co-workers® from electron diffraction 
studies have advanced some interesting theories to 
explain the action of o'ls containing lead naph- 
thenate (a form of Mr. Hendrick’s “‘Plumboleum’’) 
and free sulfur. They have found that lead naph- 
thenate in highly refined oils forms an adherent 
film on metal surfaces under static treatment at 302 
F. On iron this film contains lead. They speculated 
that the film is an adsorbed layer of lead naphthen- 
ate or an oxidation product of a lead naphthenate 
reaction with dissolved oxygen or oxygen com- 
pounds in which the metal surface acts as a cata- 
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lyst. They also found that an oil containing lead 
naphthenate and free sulfur formed lead sulfate 
under mild conditions and lead sulfide under more 
severe conditions on metal strips. 

From their own experiments and the fact that 
Mougey and Almen* found that iron sulfide formed 
on the steel bearing surfaces of the 
machine used for studying oils con- 
taining lead naphthenate plus frec 
sulfur, Simard and co-workers rea 
soned that the iron sulfide is pro- r 
duced through reduction of lead 
sulfide by iron and complex alloy 
systems involving iron, ferrous sul- 
fide, lead and lead sulfide may be 
formed. The melting points of 
these alloys are considerably below 
that of iron and, therefore, a melt- 
ing and resulting smoothing action 
may be an important part of the 
action of lead naphthenate-free sul- B 
fur oils. These same workers also 
point out that there is an eutectic of 
iron and ferrous sulfide containing 
about 15% iron, whose melting 
point is 1022° F. less than that of 
iron. Iron with a carbon content of 
0.006% and with traces of other 
materials has a melting point of ap- 
proximately 2795° F. With oils 
containing free sulfur, an attack of 
the iron by the sulfur to form a 
sulfide may result in a tendency 
for eutectic melting to take place at 
the iron ferrous sulfide interface 
under high loads and temperatures. 
This would result in chemical pol- 


C 





machines for evaluating E. P. lubricants would show 
a high load carrying capacity. In the Almen ma- 
chine, Figure 4, such a lubricant would carry higher 
loads without seizure of the stcel bearings on the 
steel shaft than would a straight mineral oil. But 
such an oil would not make a good hypoid lubricant 
for several reasons, one being that 
it causes high friction during the 
transition from thick film lubri- 
cation to the state when an anti- 
welding agent is needed to prevent 
seizure. This was pointed out by 
Mougey and Almen*® in 1931. They 
stated that lead soap added to a 
mineral oil containing enough sul- 
fur produces an extreme pressure 
lubricant that seems to make the 
transition from fluid film lubrica- 
tion to extreme pressure tubrication 
with less friction and heat than a 
sulfurized mineral oil without lead 
soap. 

Later, in 1942, Wolf? stated that 
the activity of the sulfur in the lu- 
bricant must be controlled between 
narrow limits and that a careful 
balance must be maintained be- 
tween anti-friction and anti-weld 
characteristics to permit use of lu- 
bricants for all types of service with 
hypoid gears after the green gears 
are run in for the first 5,000 miles 
with an active sulfur lubricant. 


This balance between anti-weld 
and anti-friction is more important 
than one might think from a hasty 
analysis of the factors involved. 


ishing similar to tricresyl phos- Fig. 7—Diagrammatic sketch illus- . : 
§ ; I trating the principle of operation of Actually, in heavy duty truck service 
phate. A, Almen, B, Timken, and C, SAE 


peta. Extreme Pressure 
One other theory of Simard and 


co-workers is of interest as an ex- 
planation of the beneficial effect 
of lead naphthenate. The lead sulfide film formed 
by lead naphthenate-free sulfur oils is a material 
which is quite plastic at approximately 1200° F. 
Thus lead sulfide as well as the lead which may be 
present has friction reducing properties. This prop- 
erty of oils of this type was found in tests by Mougey 
and Almen.® While lead and lead sulfide may be 
too soft to prevent contact of steel to steel, the oxi- 
dation of iron sulfide may provide the necessary 
hard refractory iron oxides to prevent welding. 


COMPOSITION OF EXTREME 
PRESSURE LUBRICANTS 
Sulfur, when added to a lubricant, results in a 
product which shows good E. P. properties. Such 
an oil when tested in some of the currently used 


Machines. In all three cases the rub- 
bing surfaces are steel on steel. 


in which hypoid gears are operated 
at low speed and high torque, lead 
soap active sulfur lubricants while 
excellent irom the standpoint of ex- 
treme pressure characteristics are not satisfactory 
because they give high frictional characteristics and 
high wear. Therefore, the control of sulfur activity 
and the addition of friction reducing agents are 
important considerations in the manufacture of an 
all-purpose or universal hypoid lubricant. 


Lubricant Testing 


Today the principal materials used in extreme 
pressure lubricants are sulfur, chlorine, lead soap 
and sulfurized saponifiable oils such as sulfurized 
lard oils. A careful balance is maintained between 
anti-weld and anti-friction characteristics, depend- 
ing on the service for which the lubricant is in- 
tended. For example, for running in new hypoid 
gears where a maximum protection against scufhing 
is required until the tooth surfaces attain a high 
polish, lead soap active sulfur lubricants are used. 
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These consist of a mineral oil, lead soap and a sul 
turized oil in which there is present a pre-detet 
mined amount of free or active sulfur. For gears 
which have been run-in, the oils which may be 
used are a mineral oil containing lead soap, a sul- 
furized saponifiable oil with no active sulfur, and 
a chlorine compound or a mineral oil containing a 
chlorine compound and a separate sulfur compound. 
Other variations are also used, such as treating a 
saponifiable oil, such as lard oil, with sulfur mono- 
chloride to give a product containing sulfur and 
chlorine, which is then blended into the mineral 
oil. In all cases the activity of the sulfur is carefull; 
controlled and the chlorine is added to reduce 
friction. 

All these oils show good extreme pressure prop- 
erties when tested on laboratory test machines such 
as the Timken, Almen, Falex and SAE machines in 
which one steel surface slides over another. How- 
ever, all these machines will not rate a series of oils 
in the same order, for example, a particular oil 
may be best on one machine and poorest on another. 
This situation may be due to many factors which 
vary from machine to machine. Some of these vari- 
ables are surface finish of the test specimens, the 
speed of the machine, and the rate of load applica- 
tion. For this reason, laboratory test machines 
should not be considered satisfactory for a final 
evaluation of a lubricant with regard to perform- 
ance in service. Such evaluations can come only 
from carefully controlled tests in the rear axles or 
other gears in which the lubricants will be used. 


APPLICATION OF EXTREME 
PRESSURE LUBRICANTS 


Extreme-Pressure lubricants were developed for 
hypoid gears. Without these lubricants it would 
not be possible for designers to utilize the advan- 
tages of greater strength and quieter operation 
which makes hypoid gears so desirable. Whether 
such lubricants should be used in services other 
than hypoid gears in preference to other types of 
lubricants depends entirely upon the conditions of 
operation of the unit involved and the type of sur- 
faces that require lubrication. Nobody, for example. 
would recommend that a hypoid lubricant be used 
for lubricating the pistons and cylinders of an en- 
gine, for the reason that hypoid lubricants have 
characteristics which make them utterly unfit for 
such service. Nor would Extreme-Pressure lubri- 
cants have any advantage in lubricating a steel jour- 
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nal running in a babbitt bearing. Babbitt softens 
appreciably at temperatures of 400° F. to 500° F., 
and high spots on the bearings are either deformed 
or, if conditions are very severe, melted. Extreme- 
Pressure lubricants function by preventing welding 
of high spots which are at temperatures much above 
the melting point of babbitt. As a matter of fact, 
these high temperatures are necessary for the in 
gredients in Extreme-Pressure lubricants to func 
tion as anti-weld agents. It is obvious that these 
same ingredients can have no effect on preventing 
the softening or melting of babbitt. There arc 
many uses for Extreme-Pressure lubricants, but 
every case must be given careful consideration and 
study to ascertain whether such lubricants are satis 
factory from all standpoints. 


SUMMARY 


Research workers today in a hundred or more 
laboratories are probing into a mystery which is as 
fascinating as fiction—the mystery of what happens 
on the contacting surfaces of two materials sliding 
over each other. Slowly parts of this mystery have 
been solved and as a result of the knowledge gained, 
more efficient machines have been produced and 
new lubricants to meet the demands of these ma 
chines have been developed. There still remains 
much to be learned and as new fundamental in- 
formation becomes available, designers of machines 
will continue to improve mechanisms, and even 
more important, design new mechanisms which 
today are not even nebulous ideas, 


a 
LITERATURE REFERENCES 


1 Automotive Gears, Lubrication published by 
Texas Company, June, 1944. 


The 


* The Internal Combustion Engine, Vol. II, D. R. Pye 
Oxford Press. 


* The Surface Temperature of Sliding Metals, Bowden 
and Ridler (1936) Proc. Roy. Soc. A, 154 640-56. 


‘Some Aspects of Industrial Lubrication, W. J. Hund, 
R. G. Larsen, Otto Beeck, Harold G. Nesper, Mech. Eng. 
64 525-30 (1942). 


°* Film Forming Action of Lead Naphthenate and Free 
Sulphur, G. L. Simard, H. W. Russell, and H. R. Nelson 
Ind. & Eng. Chem., 33, 1352-9 (1941). 


6 Extreme Pressure Lubricants, H. C. Mougey and J. O. 
Almen, Twelfth Annual Meeting of A.P.I., Nov. 9-12 
1931. 


Gear Lubricant Problems Discussed by an Automo 
tive Chemist, H. R. Wolf, Nat. Pet. News, 1-14-42, 28-9 


12, 34: 


3 


Printed in U.S.A. by 
Salley & Collins, Inc 
305 East 45th St 
New York 17, N. Y 


[ 80 ] 








'& 


a 
| 
; 
a 
j 
j 
; 


HE World’s most powerful electric 
motor” of its type, is a 2-rotor re- 
versing unit driving a mill rolling 
20,000-Ib. plates for west coast ship- 
builders. The power of these giant mo- 
tors is transmitted through reduction 
gears. 
To offset tremendous bearing and 
tooth pressures, mills everywhere are 
lubricating reduction gears with 


Texaco Meropa Lubricants. 


Meropa Lubricants provide maxi- 








PLATE MAKER 


mum load-carrying capacity, greater 
resistance to oxidation or thickening, 
less viscosity change with temperature. 
They can absorb shock loads in the 
heaviest steel mill services, and retain 
EP characteristics. 

Texaco Lubrication Engineering 
Service is available to you through more 
than 2300 Texaco distributing points in 
the 48 States. 

The Texas Company, 135 East 42nd 
Street, New York 17, N. Y. 














“THE Nation’s trucking industry is 

hauling the greatest tonnage in 
its history with few new vehicles and 
repair parts hard to get. 

In maintaining wartime schedules, 
fleet operators have found that they 
can keep even their oldest equipment 
on the road, by lubricating it with 
Texaco. 

Texaco Marfak Heavy Duty for 
wheel bearings, provides a tough film 
that clings to the metal, stays on the 
bearings — off the brakes — winter and 
summer. No seasonal repacking re- 


THE TEXAS COMPANY ° 


TEXACO PRODUCTS . 





quired. 

For chassis parts and steering con- 
nections ... Texaco Marfak. It pro- 
vides ideal film lubrication inside a 
bearing, yet maintains its original 
consistency at the outer edges... 
sealing itself in, sealing out grit and 
water. 

Texaco Lubrication Engineering 
Service is available to you through 
more than 2300 Texaco distributing 
points in the 48 States. 

The Texas Company, 145 East 42nd 
Street, New York 17, N. Y. 
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